Drinking water systems have a complex structure and are characterised by the absence of light, the presence of disinfectants and by low levels of nutrients. Several kinds of bacteria, protozoa, algae and fungi can be found in tap water. Little is known about the ecology of algae in drinking water systems, although their capacity to produce toxins and modify taste and odour has been described. In order to assess the presence and persistence of unicellular algae as well as their ability for heterotrophic growth as a mechanism for survival in water distribution networks, we carried out a one year study of the drinking water from the Bellaterra campus of the Autonomous University of Barcelona. Unicellular algae were isolated by membrane filtration on plates of synthetic medium containing organic matter as an energy source (R2A).
Introduction
Drinking water is a particular ecosystem with special characteristics such as the absence of light, the presence of disinfectants and the existence of low nutrient levels. From origin to destination, through kilometres of pipes with different diameters and materials, water flows through different pumping stations, deposits and booster chlorination points.
Water supply released into the distribution system evolves during its passage throughout the system as consequence, to as large extent, of microbial activity. These quality changes most often cause taste, odour and colour complaints. In other cases, as result of bacterial regrowth, the sanitary quality of water decreases, therefore resulting in non-compliance with national regulations.
Most components in water distribution networks may become excellent microbial environments. However, the persistence and proliferation of microorganisms in these systems is influenced by a number of factors (Geldreich, 1996) .Most exposed surfaces are colonised by microorganisms, forming biofilms (Ridgway and Olson, 1981) .The characteristics of these biofilms vary widely, from sparsely colonised surfaces, to thick complex layers with a depth of several micrometers formed by a densely interwoven structure of extracellular polymers and microbial cells (Lechevallier et al., 1987; Stewart et al., 1993) . Microbial growth within the biofilm and release of the offspring into the overlaying water contributes to increased microbial counts in the water phase. On the other hand, the structure of the biofilms contributes to shelter occasional contaminants from the effects of chlorine, thus preventing adequate disinfection and potentially allowing regrowth of contaminants in the water distribution network (Lechevallier et al.,1988; Camper, 1994) . Evidence is available that shows the development of biofilms containing algae (Allen et al., 1980) . Microbiological quality of drinking water is systematically controlled by water suppliers using the levels of microbial indicators such as total and faecal coliforms, or heterotrophic plate counts (HPC) as reference. The microbial indicators routinely used, are good tools for the sanitary control of water but they only offer a partial view of the microbial dynamics. Therefore, the vision obtained with standard microbial analysis is not enough to understand the full complexity and diversity of drinking water systems. In tap water we can find several kinds of bacteria, protozoa, algae and fungi.
Algae can affect water characteristics in two ways. First, as occurs with actinomycetes, algae can alter organoleptic properties (Nyström et al., 1992; Jensen et al., 1994; Bower et al., 1988) . Second, certain cyanobacteria can produce toxins with pernicious health effects (Codd, 1995; Sivonen, 1996) . Cyanobacteria and their toxins can cause diarrhea as an acute effect and cancer in the ultimate instance (Rose et al., 1999) .
The inclusion of cyanobacteria, freshwater algae and their toxins in the drinking water contaminant candidate list (CCL) U S Environmental Protection Agency (EPA) in 1998, illustrates the increasing interest in such micro organisms and their possible impact on public health.
The CCL is a list of contaminants which, at the time of publication, are not subject to any proposed or promulgated national primary drinking water regulation, but which are known or expected to occur in public water systems, and may require regulations. CCL will be the primary list of priority contaminants for the agency's drinking water program (U S EPA, 1998a; b). For this microbial group the research of analytical methods has been pointed as one of the priorities. Available on website http://www.wrc.org.za There is little information on algae in drinking water. Currently, morphological studies and cultures with classical culture media can be used to study these phototropic micro-organisms. For example, the Standard Methods for the Examination of Water and Wastewater (Clesceri et al. 1998 ) provide the diagnostic keys for the identification of drinking-water algae. Most of these micro organism are totally dependent on light as a source of energy for growth, and for this reason their presence on drinking water systems is accepted as an anecdotic fact and may be attributed to treatment limitations.
Although uptake ant utilisation of organic carbon have been well established for a wide variety of algae in laboratory culture studies such processes have been considered inconsequential for algae under natural conditions (Nielson et al., 1974) . Nevertheless this general rule has exceptions. For example Parker (1961) demonstrated growth of Bracteaccoccus in soil even in darkness.
In this work, a procedure based on membrane filtration method and a culture media with organic matter was used in order to isolate heterotrophic algae from tap water during one year. The results shows the ability of isolated strains to grow in darkness, using organic matter as a source of carbon. This result suggest that the presence of few microscopic algae in drinking water systems could be attributed to their growth through the system, probably into the biofilms.
Experimental
Drinking water from the microbial physiology laboratory in the Department of Genetics and Microbiology at the Bellaterrra campus of he Autonomous University of Barcelona, was studied during one year.
Algae definition
Unicellular micro-organism with photosynthetic pigments and morphologically compatible with diagnostic keys. The phototropic growth capacity in a mineral culture media (BG-11, Sigma) and presence of chlorophyll a (determined from "in vivo" spectra) were tested in several isolates of each algal type.
Algae identification
Micro algae wer characterised by microscopic observation using diagnostic keys from Standard Methods (Clesceri et al., 1998) as well as the Bergey's Manual of Systematic Bacteriology (Staley et al., 1989) . Additionally, the Süsswasseflora von Mitteleuropa (Ettl et al., 1988 ) was used as a reference manual.
Sampling
Once a week, after allowing tap water to run for 2 min, samples were collected in 1 l sterile Pyrex bottles with sodium thiosulphate (1 ml of 5% solution). Samples were kept in the dark at 4°C and were processed within the next 2 h.
Isolation of heterotrophic algae
Plate counts of microalgae were routinely performed by membrane filtration (MF) using cellulose nitrate (Millipore) filters with a pore size of 0.45 µm. Filters were incubated in R2A agar plates for 21 d at 22ºC under light (fluorescent lamps) or in the dark. R2A was supplemented with gentamicine sulfate (80 mg·l -1 ) in order to minimise heterotrophic bacterial growth, and allow the concentration of larger sample volumes to increase detection level. Agar plates were sealed with parafilm, in order to prevent agar dehydration. All the culture conditions and medium supplementation were tested previously in our laboratory.
The plates were checked once a week. After 3 weeks each colony morphology was enumerated and some were microscopically examined.
Statistical analysis
The significance of the difference between means was calculated using the Mann-Whitney U test (giving a P value and 95% confidence intervals for the difference in mean rank). Statistical tests were conducted using SPSS statistical software for windows operating system (Version 9.0, SPSS, Chicago).
Results
Most samples (97%) were positive for algal growth although only two morphologies were detected. Morphology Type 1 (Photo 1) was green, circular and with regular perimeter. These colonies were formed by eucariotic algae that belong to the order of Chlorococcales, the Oocystaceae group and were identified as Oocystis sp. Morphology Type 2 (Photo 2) had an irregular perimeter and their color changed from yellow in younger colonies,
Photo 1
Colonial morphology of Oocystaceae. Incubation under light, 22ºC, 18 d to green in older colonies. These colonies were formed by cyanobacteria belonging to the Pleurocapsales group and were identified as Xenococcus sp. Cyanobacterial numbers were superior to chlorococcal group in both cases (see Table 1 ) (light p=0.006, darkness p<0.001). Although algae numbers can oscillate in different samples, no differences were observed between seasons.
Three weeks is an optimum time to clearly detect algal growth. Plates incubated in the light showed colonies after only two weeks, but plates incubated in the dark needed at least three weeks. When plates were incubated in darkness in some cases the invasive growth of fungi colonies was observed which did not allow the quantification of algae. For this reason the number of plates analysed under these conditions (shown in Table 1 ) is lower than the number of plates incubated in the light.
The numbers of algae detected were very low. In most cases values were lower than 100 cfu·l -1
. After three weeks, the counts of plates incubated in the light were higher than those of plates incubated in darkness (p = 0.005).
Discussion
Two different hypotheses on the origin of algae in drinking water can be considered. First, it can be assumed that water treatments are not 100% effective (Steynberg et al., 1998; in removing algae. For this reason some of them are capable of penetrating in the drinking water systems. Since algae can travel all the way from origin to the end point, the levels detected in tap water are exclusively from algae not removed by treatment.
Secondly, some of these algae could proliferate or survive in the system in the dark, using the ability of some genera to develop heterothophic metabolisms. The ability of some microscopic algae to show mixotrophic and/or heterotrophic metabolism has been reported previously (extensively reviewed by Neilson and Lewis,1974) . These microscopic algae, having a relatively active role, could become members of the normal flora of drinking water systems. In most pipe surfaces, the development of biofilms containing algae and bacteria has been proven (Allen et al., 1980) . In this case, it is logical to consider the possibility of algae regrowth, probably into the biofilms.
Two facts can support this hypothesis. First, the algae detected have the ability to grow in the dark using organic matter as a source of carbon. Second, the detected levels do not show a clear seasonal variability therefore indicating that the presence of algae is not affected by the seasonal changes occurring in the surace waters used for supply. 
